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Computer Assisted 
Methods for Diagnosing Diseases 

Technical Field 

The present invention relates to methods for diagnosing, screening or 
prognosing diseases. More particularly, the present invention relates to a method for 
diagnosing, screening or prognosing diseases in humans or animals, and for 
determining the severity and cause of the disease. 

The present invention further relates to a computer assisted method for 
diagnosing, screening or prognosing diseases, utilizing one or multiple neural 
networks to obtain a diagnostic index. In preferred embodiments of the present 
invention, the method is used to diagnose, and prognose diseases such as osteoporosis 
and cancers, including but not limited to ovarian, breast, testicular, colon and prostate 
cancer In another preferred embodiment, the invention includes a system to receive 
patient data transmitted from data transmitting stations, to process these data through 
the trained neural networks to produce a diagnostic value or prognostic value, and to 
transmit these values to a remote data receiving means. 

Background of the Invention 

As used herein, the term "disease" is defined as a deviation from the normal 
structure or function of any part, organ or system of the body (or any combination 
thereof). A specific disease is manifested by characteristic symptoms and signs, 
including both chemical and physical changes, A disease is often associated with a 
variety of other factors including but not limited to demographic, environmental, 
employment, genetic and medically historical factors. Certain characteristic signs, 
symptoms, and related factors can be quantitated through a variety of methods to yield 
important diagnostic information. For purposes of this application, the quantifiable 
signs, symptoms and/or analytes in biological fluids characteristic of a particular 
disease are defined as '"biomarkers** for the disease. Current diagnostic and prognostic 
methods depend on the identification and evaluation of these biomarkers, both 
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individually and as they relate to one another. Often the diagnosis of a particular 
disease involves the subjective analysis by a clinician, such as a physician, 
veterinarian, or other health care provider, of the data obtained from the measurement 
of the factors mentioned above in conjunction with a consideration of many of the 
traditionally less quantitative factors such as employment history. Unfortunately, this 
subjective process of diagnosing or prognosing a disease usually cannot accommodate 
all the potentially relevant factors and provide an accurate weighting of their 
contribution to a correct diagnosis or prognosis. 

Generally, the pathological process involves gradual changes that become 
apparent only when overt change has occurred. In many instances, pathological 
changes involve subtle alterations in multiple biomarkers. It is uncommon that a single 
biomarker will be indicative of the presence or absence of a disease. It is the pattern of 
those biomarkers relative to one another and relative to a normal reference range, that 
is indicative of the presence of a disease. Additional factors including but not limited 
to demographic, environmental, employment, genetic and medically historical factors 
may contribute significantly to the diagnosis or prognosis of a disease, especially 
when considered in conjunction with patterns of biomarkers. Unfortunately, the 
subjective diagnostic process of considering the multiple factors associated with the 
cause or presence of a disease is somewhat imprecise and many factors that may 
contribute significantly are not afforded sufficient weight or considered at all. 

When individual biomarkers do not show a predictable change and the patterns 
and interrelationships among the biomarkers viewed collectively are not clear, the 
accuracy of a physician's diagnosis is significantiy reduced. Also, as the number of 
biomarkers and demographic variables relevant for the diagnosis of a particular disease 
increases, the number of relevant diagnostic patterns among these variables increases. 
This increasing complexity decreases the clinician's ability to recognize pattems and 
accurately diagnose or predict disease. 

Prostate cancer affects numerous individuals each year and many of them are 
killed by the disease. The early and accurate diagnosis of prostate cancer has been 
very difficult to achieve with reliability and accuracy. However, early diagnosis of 
prostate cancer is essential to maximizing the possibility of successfully treating the 
disease. Current screening techniques include digital rectal examination (DRE), 
transurethral prostatic biopsy, and measurement of prostate specific antigen (PSA) in 
the blood. Reliance on senun PSA levels, especially low PSA levels, as a sole 
diagnostic measure of prostate cancer often provides unacceptable levels of inaccurate 
diagnosis. These screening techniques miss many cases of early stage prostate cancer 
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resulting in growth of the cancer within the prostate gland and also outside the capsule 
of the gland. It is essential to diagnose this disease in the early stages, well before 
metastases have occurred. 

In addition, diagnostic methods should be capable of distinguishing between 
benign prostatic hyperplasia (BPH) and prostate cancer and to distinguish between 
cases of cancer and non-cancer. What is also needed is a valid, reliable, sensitive and 
accurate technique that can diagnose or prognose prostate cancer at an early stage and 
also distinguish the various stages of prostate cancer which canl)e characterized as 
Tlb,T2, T3andTNxMl. 

Osteoporosis and osteopenia provide another example of disease with multiple 
biomarkers, the following biomarkers collectively show characteristic changes in the 
presence of osteoporosis: calcium, phosphate, estradiol (follicular, mid-cycle, luteal, 
or post-menopausal), progesterone (follicular, mid-cycle, luteal, mid-luteal, oral 
contraceptive, or over 60 years), alkaline phosphatase, percent liver-ALP, and total 
intestinal- ALP. After measuring these biomarkers, a diagnosing clinician would next 
compare the measurements to a normal reference range. While some of the biomaikers 
may fall outside the nomial reference range, others may fall clearly within the normal 
reference range. In some circumstances, all of the biomarker values may fall within a 
normal reference range. Presented with such data, a clinician may suspect that a 
patient has undergone some bone loss, but will be unable to reach a conclusive and 
meaningful diagnosis as to the presence of the disease osteoporosis. 

The characteristic changes in biomarkers associated with some diseases are 
well documented; however, the quantitative interpretation of each particular biomarker 
in diagnosing a disease and determining a prognosis is not well established. The 
difficulties inherent in formulating a diagnosis from the analysis of a set of laboratory 
data is best illustrated by looking closer at conventional diagnostic methods for a 
specific disease. A discussion of the disease osteoporosis follows. 

The term ""osteopenia"' as used herein means any decrease in bone mass below 
the normal. The term "osteoporosis" as used herein means a specific form of 
generalized osteopenia characterized by a decrease in bone density, low bone mass, 
and microarchitectural deterioration of bone tissue. 

Osteopenia encompasses a group of diseases with diverse etiologies typified by 
reduction in bone mass per unit volume to a level below that which is necessary for 
adequate mechanical support. Osteoporosis is the result of the gradual depletion of the 
inorganic portion of the skeleton and can be caused by any number of factors. 
Primary osteoporosis is an age related disorder that is particularly conmion in women 
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and is oharacerized by decreased toe mass in tt.e absence of o4er recognizable 
causes. However, osteoporosis occurs in both men and women. In wotnen tt 
recognized usually at the Sth or Sth decade, following menopause. In men 
osteoporosisisoftenrecogtuzedaroundtheirfith^Tmdecadeoflife. 

Several demographic parameters are associated wrth enh«.ced nsk of 
developing osteoporosis, "me foUowing is a partial list of individuals whose 
demographics and behavior place them at risk for developing osteopotosB: 
Post-menopausal women 
Cigarette smokers 
Heavy users of alcohol 
Users of a variety of drugs, such as steroids 
Female nmners and ballet dancers 
Male marathoners consuming too few calories 
Bulemics and anorexics 
People with poor diets 
People allergic to dairy products 
People affected wilh cancer 
Fair and slim women 
All men and women over the age of 65. 

toaddi.ioBtobeingfemak,thethn» most significaarisk factors are poor dfe^^ 

lackof exercise, and being posm«nopau»l. Other risk factors which are associa^d 
^^ osteop^osis include racial actors such as Caucasian or oriental anc«^^ 

rnmnlexion and a famUy history of osteoporosis. 

of ostl^rosis ma, be insidious or sudden, following trau^ 
^ common cmphm. associated with osteoporosis is back ^v^ma^ , ^ 
pain may spread to the pelvis, the thorax, and the shoulders. In 
ZZl 1 compass, and the back can take on a "bent" appea«nce. Co.^ 
Laskyphosis (humpback)«scoUosismay occur. Bthespmebecomesdefon^^^ 

^tTparts can be affected as weU. For example, the ribs can be pushed agams 
rpe^',^ the stomach can be pushed into the pelvis. In ad^™ «> 
oroblms osteoporosis can also lead to fracmres of the hip, wnst, and nbs. Tbe^ 
ft^'I ol with only slight trauma and someUmes with no trauma a, aU^ 
M^B « oL. "Bone Density of the Radius, Spine, — J;™" 

B. "involutional OsteoporosU", N« EneL J. Med.. Vol. 314, pgs. 1676 
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,686. (1986). m changes associa^d os«op«osis a,e gradual so osteoporosis 
is often not detected in its early Stages. 

a,c Skeleton. Chen^eal analysis of Wood »ay reveal -l^^^-^ 
Mkaline phosphatase within the normal range. However, an uioenzyme of alkaline 
Itr.^ Ly he significantly increased. Increased hone resorption seen m 
SroUc paalnts. which occ«s as a resnlt of the action of osteo.*.^ 
^2c. the dissotaUon of hoth minerals and organic evenB«lly leadrng » 
I^Id excretion of binary hydroxyproBne. Serun. estradiol whrch . secreted 

doMst entirely by the ovary is significantiy decreased in these patients. 

rydecrea«lnbonen«sscanhen«asnredhyn™..nvt^^ 

of.heske.e.onbyfonrwide,yavailahte,ne.h<«.dM.reltnown«,^s^»^^ 

art including single photon absorp.ome.iy. dual phom absorpumetiy (DPA). du^ 
artmciuoms t r .„d auantiuttve computed tomography 

eaerev x-ray absorptomeuy (DXA). ana quanuiau.., r 
riLvelputedt„mography(CATsc«>).Severalofth.sem.ti»ds^u^ 

:rLminera.Lten.inthebo»e.«.dso»arere.a.ive,yse,e^ve^^ 
or trabecular versus cortical bone. These mefl«ds also provide drfferent levels 

'^"^rtesona^eirnagingCMRBa^.posi^onemissi^ 

.ecbniouL »y alBO reveal information useM in U« diagnosis of vanous diseases 

i^SnT— and osteoporosis b, providing information concermng bone 

ofbone^^x-raysoftheh^rd. Radiographs. ..k«a with a^-ard x-ray 

...^hme are sent to a central laboraKiry for computer-controUed analysis. 
"^cirJlrddiagnostictechni.r«s..renote.fectiveforear,,d^^^^ 
. !Tch.n«es seen in osteoporosis ate very gradual, and often go undetected 
rrZstS^^l^. ol.,»rosisiso,.enno.detectedini.earlysuges 
:^!ls must he deoeased by about 30* to 40* before it is apparent ^g 

rr^xi^o^o^ti^lostbone. T^us.U«rapeuticeffor. must be directed 
X^:rlandearlyr.cognitionofti»progressivediseaseso^^^^ 
^mt^beforeessentiaUy irreversible stmcmral damage ensues. Cu™n.,.S.R., 
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al "Should Perimenopausal Women Be Screened for Osteoporosis?", Ann. Int. 
Med Vol. 104, pgs. 817-823. (1986); Courpron P.. "Bone Tissue Mechanisms 
Underlying Osteoporosis." Orthop. Clin. North Am.. Vol. 12, pgs. 513-545, (1981); 
Fro^/H.M., "Mechanical Determinants of Bone ModeUng," Metabol. Bone. Dis. 
Rel Res., Vol. 4, pgs. 217-229. (1982). What is needed is a method for early 
detection and prediction of osteoporosis that considers the multiple biomarker and 
demographic variables associated with the disease. 

One of the problems with the current methods for diagnosing osteoporosis is 
that the procedures do not give any information about the underlying cause of the 
osteoporosis, making it difficult to prescribe an appropriate course of treatment for the 
patient For example, a common cause of postmenopausal osteoporosis is an estrogen 
deficit, which x-ray techniques cannot measure. Another problem inherent in the 
current diagnostic methods for osteopenia is that all of the current methods require 
expensive, sophisticated medical instrmnentation to perform the bone density 
measurements. AdditionaUy, patients must be exposed to x-rays. This makes a 
general screening of high risk populations impractical due to the expense and 
unavailability of the necessary instrumentation to the average clinic. 

In view of the difficulties associated with extracting a diagnosis from the 
laboratory data for a set of predictive biomarkers, and also from demographic data 
optionally combined with biomarker data, there is need for automated diagnostic 
systems that axe capable of complex pattern recognition. There have been several 
attempts at using computational models to achieve pattern recognition in diagnostics. 
One of the most popular computational methods for making diagnoses from 
multivariate laboratory data has been discriminate function analysis. However, 
diagnostic systems that rely exclusively on classical pattern recognition technology 
(geometiic. syntactic, template, statistical) are not effective for evaluating the 
characteristic biomarker patterns of many disease states partially due to the inherent 
non-Unear nature of the problem and a lack of known mathematical structure m the 
observed data. There is no dear set of mles that accurately describes how to analyze a 
set of biomarkers to reach a diagnosis. 

In recent years, artificial neural networks have been gaining populanty as a 
means for recognizing and analyzing subtie diagnostic patterns in multivanate 
laboratory data. Neural networks possess the abiUty to discern patterns and trends too 
subtle or too complex for humans and conventional computational methods to identify. 
While humans can not easily assimilate more than two or three variables at once 
neural networks can perceive correlations among hundreds of variables. Examples of 
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B»edTool".PCAI,Pp.22-25(May/J«»el994); 

. pediatric radiology (See Boone, IM.. « al.. W 

25, pp. 1017-1023(1990)); "AppUcalion of Neural 

Networks to the In.erpretatK.n „tLd>«atoiy lbb ^ 
vol. 38,No. 1.PP. 34-38 (1992); ta'JCl of Bteas. Cancel, 

Ma^nography: APP«=»«™'°'^™Tl '^^7" "Neural Network 

nes.arc^'^Treom^.^'^^'^^^^^l: -.Application of 

. ovariM. cancer (See '^''*"«.. ,^„eancei-'. Cancer 
backpropogation .«»al neworte to diagnosis of ta^ ovan 

Uuers, Vol. 77, pp. 145-153 (1994)); ..^31 Networks 

. ^^^'^f^^-^^^^r CU. CHe... vol. 
in Diagnosis of Thyroid Ftmcaon torn m Vitro Uboraoty 1" 

39, No. 11, pps. 2248-2253 (1993)); .. Aiuadal Neural Networks ta 

cardiology (See U.S. Patem ' Clinical 

..... .W., "Neural -'-''l'l^f^''a^7^T^^-^^^ .34- 

AppUcation of Aitifical Machine Intelligence , Clm. Lne 

141 (July 1991). recognition particularly suited to 

Neural networks are capable of pattern gn 
^gdiagnoses. Unlike cunent methods for arriving at a diagnosis 
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,s«ofnaes. Neural nen»or^.e- ~P^«'^^^ 

There are wo basic approaches m P . and fads 

(phy^olo^cal, ana.o»cal. ^^^^''^^'^ ^ ^ „„e of several 
,„e«p«.oes*hh^sbe«,.no^=^J^ 

possible dassificanon classes. Such '^'^ ' ^ ^^..^ons (e.g. 

L „les (e.s. cHulca, --^^t^ri^^^-rreven couple, .odels 

sodstical distributions in parametnc phannacoldnetic tnodels). 

a«,canonlyt.described»idis,ste»ofe,^..o^^P^^^^^^^^^^^ 

The second approach nun«ncal ^^^^^^ ' ^ 

^anun^rical classification sys«»^- a^^^^ 

essenUally sets of input values jessed in an expUcit 

te^g (learing from examples) and th^ ^ 

-^t::^r=^^-rrrar:^. 

tao^Mgein the subject ^eatoassoctateob^u*^ ^^^ , 

However, in many practical si««U<»s. ^^^^c^^^ "dedinto 
Ucannotbeexptessedtoexplidtandpr-*-^"^ ^^^^^^^^^ 

,„classifica.ionsysten. 0»<^«*«""^'*^ ^. ^Uon system entirely to the 
'^--'■P'-— ^^^^nLnedsyLmislimitedtothe 
adaptive leaimng process. The perlorm jata and the effectiveness of 

^ teaming algonthm m ""^^^^ subject area. In some cases 

existat^mendou^amountofpnorkno*^ 

where there is no p.ep»cessmg such as ^ ^ 

^^gof..eura..-o*n.,.«^^^^ 

"-:^°dr:::rjrr...te.-dp----- 
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Accordingly wha. is needed is an approach to dUgnomg and progn«>ing 
aisease i "rpor!.^ an apparatus and a system capable of .ceo™noda.«.g 
^TZor. such rbionmter and d^nographic factors. This system should 
Ca:"rt L«i„g a large number of pati«>ts and patient vanables ^ as 
Hotter and demographic factors. This approach to ^'^ '^^^^ 
disease should select factors »i.h high predictive values, preptocess these factors, and 
^;la into a computer-based neural networ. or multiple "^"^ 
^er to train the neural networks) to ptedict or diagnose dtseasc. Thes^ «^ 
nTt^oU) should produce a diagnostic index comprise! of one or several outpu 
Ta^tLve 0 the presence (diagnosis) or fi«ure occurence (prognosrs) of a 
l^lmsys,emsho^dpossessthecapaci.y.oinputpa.ientda.a.mo.he«^ 
^rnetwor^andproduceanoutputvalnetoindicateifthep^^nthasorv^llhave 

■^■""^ermore. since cUnicians ^ rarely have such computer^ neu^l 

mdicadveota » ^ ^ ^ „ originating data transmitting 

'''^°^"°rr^rn:^-»omce. Suchasystemv-ouMprovide 

X „ J .nh«« the ^xuracy of clinidan's diagnostic and prognosuc 

^S system should be capable of receiving high volumes of patren. dau and rapidly 

'^Such a system could be used for diagnosis and prognosis of any disease or 
condition for which.neuralnetworkmay be specifically tramed. 

based m«hod employmg gained ""-""f ' „ ^ fo, 

^g or progno^ng disea^" J^^* ^^^^^^^^ 

Z ^nr^cTiXTta- about p^aents. such types of data 
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^ msu.ricJ dau. sel^Ung Uice dau to a« associated «ith to diagnosis of a 
:^^;r^g.hedam;scalingftes.digiUzed values; Momung^stsu. analyze 
^^SnaUnpo^crofmesedau; grouping individnalda«valucs-.prcp^^ 
nZ^nl Pre^ssed values; inpu«ing selec^d dau into a compu«.W 
!2ltlork in oir ,o »i« U« neural nemork; analyzing to conmbunons o 
^dT^ r„pu« «> to neural ne^ork; selecting to op.in»U, trained ne^l 
^:S^on^,fc™,a„ce.3Ccu,acyandcost,tor«uralne,wo,k.^^ 

^ a diagnJuc index; and inputting otor paUen. da., mu, to .ra.,«d «^ 
'.^^.p-Iceanoutpu. value winch indicateawhetortopauentn^kaveor^e 

'° ^r;l«n also indues an appa«»s and process for rapidly 

diagnosing, screening or prognosing diseases in large nuntors <>' P""";^- 
to^rda.ais.ransnut.=d.oacentralfacili^fiomaren».eloca..o.. Atto^ntral 

toMowingfuncaons:analysisoftopaaen.da..toev,lua.ecor.ectossofto^ 

tZTIli .be data «, provide values for different -f •» ™^ ""f ' 
ta^»oL^edpaJda.ain»a«,inedneur.lne»vo,kfbrco^^ 

'^'"■i^Lbodin^n.oftoptesen.inv^^^P-^^e'-P^'— ^ 

dau seuTomprised of patien. data ..Ktoding biomarker data a»i demograptac dau. 
data sets compnscu u ^ w , «articulsir disease or for several diseases, 

""^^°^S::^^5:Lorf^.yrespo.sible 

T:^.ZrZZTZ Z provides ilproved diagnosUc ca^bility 
for to P"-'"'^ ' ^ tat also reduces cost due to wasted tnne, 

resultmgm enhanced liealtt..o top . ^le capability to 

rt^iaved tteannent and incorrect diagnosis. This sysrem provw f 

35 embodiment, large nuinDe p economically to diagnose 

optionally demographic data, may be screenearapi y 
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and predict prostate cancer with high precision and accuracy. In addition, this 
invention faciUtates determination of the stage of prostate cancer and distinguishes 
between benign prostatic hyperplasia and prostate cancer. 

In another embodiment, the present invention may be used to rapidly and 
accurately diagnose and prognose osteoporosis and osteopenia, even at very early 
stages. In this embodiment, large numbers of patient data sets comprised of 
biomarkers and optionally demographic data, may be screened rapidly and 
economically to diagnose and predict osteoporosis and osteopenia with high precision 
and accuracy. In addition, this invention faciUtates determination of the extent of 
osteoporosis and osteopenia and provides information about tfie causative variables. 

It is an object of this invention to diagnose and prognose any disease in a 
patient for which adequate data, such as biomarker and demographic data, exist in a 
patient population to specifically train a neural network to produce a diagnostic index 
witii a high level of predictive utility, and to accurately and reliably diagnose the 
disease in new sets of patient data. Large numbers of multivariable patient data sets 
may be screened for tiie presence of a disease or to prognose a disease using this 
system. 

Accordingly, it is an object of the present invention to provide a metiiod for 
diagnosing, screening or prognosing and determining the severity of a disease. 

Still another object of tiie present invention is to provide a system comprised of 
a metiiod and apparams comprising a computer-based trained neural networic system 
tiiat will diagnose, screen or prognose and determine tiie severity of a disease by 
receiving patient data from anotiier location tiirough a data receiving means, 
transmitting tiie data into a computer or tiirough several computers containing a 
computer-based ttained neural networic processing tiie patient data tiirough tiie trained 
neural networic. or optionally multiple trained neural networks, to produce an output 
value, which is a diagnostic value, transmitting tiiese diagnostic values to another 
location, optionally to anotiier computer for transmission to a remote location, 
optionally comprising a computer, or otiier data receiving means. This system may 
contain one or several computers and one or several ttained neural networks. 

It is anotiier object of tiie present invention is to provide an apparatiis for 
diagnosing, screening or prognosing and determining tiie severity of a disease. 

A feature of tiie present invention is tiiat it provides a metiiod for screenmg, 
prognosing and diagnosing prostate cancer. 

Anotiier feature of tiie present invention is tiiat it provides a metiiod for 
screening, prognosing and diagnosmg osteoporosis and osteopenia. 
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Still anofte, feawre of the present mvention is .hat i. pmvides a meftol for 
screening, prognosing and diagnosing breast cancer. 

vlt anLr feature of the present invention is tha, it provtdes a method for 
screening and diagnosing ovarian cancer. f„ 
tother fean« of the present invendon is tha. i, provides a o«.hod for 
screenine prognosing and diagnosing colon cancer. 

radditionJfeaOHe of the pres«U invendon is that it pn>vides n».hod f6r 
screening prognosing and diagnosing testicular cancer. 

M adltage of U.e present invention is d.at it provides a njetitod fo 
diagnosing disease which v^illprovideabetterunderstanding of thep^^ablecanseof 

"^otiter advantage of the present invention is U«. U provides a ™tiK,d for 
diagnosing cancer which wiU provide a be«« .UKierstanding of ti» pn>ba^ 

■^"Moti.er advantage of titepresentinventionistt^tttprovidesadia^ostictes, 
(orcancerwhichcanbensedtorapidly«ulecono,nicaUyscree.datase«frontlarge 

■^•^^ advanu^e of the present invention is d«t it provide 
osteoporosis which wiU also give infomtadon as to ti« underlying cause of ti» 

■^•"^r:— geofthepresentinvendonUthatitprovidesad^^^^^ 
forosteopoiosiswhichcanbeusedtoscreenlargenmnb^sofindividuals. 

^"vantage of ti» pres«.. invemio. is to pro^de a n«d.od for dugnostng 
.^teoporosUa^ldetenmrnngti^undedyingcauseofU^c^teopeniawithoutto^^ 

hecome apparent after a review of d« f oUowtog detailed description of ti« drsclosed 
embodiment and the appended claims. 

HHef DescriDtion of the Figures 

^Tlstratesafeedforwarfneurametworkhaving multiple outputs. 

Fig^ZiUustratesafeedforwardneuralneti^orkhavingasingleou^ut 

Fit 3 is an equ«ion iUostrating the n.ad»matical relationshrp between d« 

temt and output of a typical neuron. t.,ji„„, „f ihe 

Fig. 4 is a sch^nadc illostradon of d« second preferred embodnnent of tite 

present invention. 
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Fig. 5 shows the training data used to construct the prostate cancer neural 
network prognostic system. 

Fig. 6 shows the training data used to construct the neural network 
ProstAsure™ system for prostate cancer detection. 

Fig. 7 shows the test data used to construct the neural network ProstAsure™ 
system for prostate cancer detection. 

Fig. 8 shows the traming data used to construct the QuiOs™ osteoporosis 

neural network diagnostic system. 

Fig. 9 shows the testing data used to test the QuiOsTWosteoporosis neural 

network diagnostic system. 

Fig. 10 demonstrates the sensitivity and specificity of the QuiOs™ system in 

diagnosing osteopenia. 

Fig. 11 is a scatterplot of 726 test samples showmg that QuiOs™ values 
correlate with bone mmeral density (BMD) measurements at L2-L4 and Ward's 
triangle in the form of T-scores. 

Fig. 12 is a schematic representation of the simultaneous multi access 

reasoning technology. 

Fig. 13 provides an schematic representation of an approach for the 
construction and training of a computer-based neural network based classifier for the 
diagnosis and prognosis of disease 

Fig. 14 shows a configuration of a neural network based diagnostic system 

Fig. 15 is a schematic overview of the ProstAsure™ computer-based neural 
network system architecture for receiving patient data, analyzing the patient data with a 
trained neural network and transmitting results. 

Fig. 16 is the system architecture for analyzing patient data input and 
conqnitation of ProstAsure™ diagnostic values. 

Fig. 17 provides ProstAsure™ reference ranges for normal, BPH and 
prostate cancer in different age groups. 

Fig. 18 provides diagnostic guidelines for samples in the ProstAsure™ test 

data set 

Fig. 19 shows statistically significant ProstAsure™ results in tiie diagnosis 
normal, BPH and cancw patients. 

Fig. 20 demonstrates ProstAsure™ results in 193 test cancer cases. 

Fig. 21 is a scatterplot of ProstAsure™ values vs. PSA values in 416 test 
samples. By non-Unearly combming multiple biomarkers. ProstAsure™ effectively 
separates noraial, BPH and cancer patients better tiian using a single biomaiker (PSA). 
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Fig. 22 shows receiver-operating characteristic (ROC) curves comparing the 
diagnostic power of ProstAsure™ and PSA alone. The area under the curve is a 
measure of the usefidness of the test. The ReLProstAsure refers to normalization witii 
age-specific reference ranges. ProstAsure™ significantly outperforms PSA with 
statistical significance in sq)arating cancer ftom normal and BPH. 

Fig. 23 demonstrates ProstAsure™ sensitivities and specificities computed 
with training and test data. 

Fig. 24 shows the sensitivity and specificity of ProstAsure™ in detecting and 
discriminating prostate cancer and identifying normal and BPH patients. 

¥ig. 25 is a mathmetical description of the ProstAsure™ algorithm. 

Fig. 26 is a mathematical description of the QuiOs™ algorithm. 



Detailed Description 

The following patent applications are incorporated herein by reference in their 
entirety: U.S. Provisional Application Serial Number 60/001,425 filed July 25, 1995; 
U.S. Application Serial Number 08/472,632 filed June 7, 1995; PCT Application 
PCT/US95/01379 filed February 2. 1995; U.S. Application Serial Number 
08/323,446 filed on October 13, 1994; U.S. Application Serial Number 08/315,851 
filed on September 30, 1994; U.S. AppUcation Serial Number 07/990,772 filed on 
December 14, 1992; PCT Application PCT/US92/10879 filed December 14, 1992; 
U.S. Application Serial Number 07/964.486 filed on October 21. 1992; U.S. 
AppUcation Serial Number 07/806,980 filed on December 12. 1991. 

As used herein, the term "disease" is defined as a deviation from the normal 
structure or function of any part, organ or system of the body (or any combination 
thereof). A specific disease is manifested by characteristic symptoms and signs, 
including biological, chemical and physical changes and is often associated with a 
variety of other factors including but not limited to demographic, environmental, 
employment, genetic and medically historical factors. Certain characteristic signs, 
symptoms, and related factors can be quantitated through a variety of methods to yield 
important diagnostic information. 

The term "patient" refers to any human or animal. 

For purposes of tiiis application, the quantifiable signs, symptoms and/or 
analytes in biological fluids and tissues characteristic of a particular disease are defined 
as "biomarkers" for tiie disease. Current diagnostic and prognostic metiiods depend 
on die identification and evaluation of these biomarkers, both individually and as they 
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apalient. f ^lata which have some 

organs, tissues or cells """'"^ " mcroscopic levels uUlizmg ai.y 

performed a. 0,e Ugh. 

„„.nberof.ech»,»«»»^^^^ ^ 

immunocytochemcal, m ""^"^ „, ^ removed from patients 
Biological dau .nay be der«edftomanaly«s^ 

„d grown in cnl««. ^-^^ Itl^^ frol a pa.en, and 

Wstologicall, and biochemical.,^ ^^^^ '^'^ ^ 

Hologicd ^.-ysis of *e nuclear and '^^^'^^^Z.^oU^ .id. 

„anscripUo. «.d uanslaUon such . ^ 'J^,.„,p,oduc. molecules 

deoxyribooucleic^idandotottanscnpdonfacto^^da 

^tomfl».»sla«onofs»chribonucle.c«^^^^ 
auwmical analyucal mediods used wim 

''-^.^r=r:rconce™.^^ 

^ ^ cardiovascular s»«.s. "P^^^^f ;^,, ^ fa. 

pubertal, pre-menopausal, menopausal, ^ ^ „ 

percentage, and bod, fat ^'^^1^,^^^ palpaUo. digital «c.al 
phydcd examinations, mcludmg but no bm^e ^ ^ 

^J^on, prostate palpation, tesacular palpauon, «e.gh , 
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^t,«v.cofhioloeical data are considered as biomarKers lor 
All of the aforemenuoned types ot bioiogicai uoui 

The present rnvcnu ^ . . measuring the concentrations 

„,„«rf,g these coneentranons » d.g.««i ,„ , „^„,er- 

The present invenuon di t- digitizing the concentrauons 

^osingaaiseaseinapau^^^S-^^ 

<>''^— tt^rSl^ralva.„es.,a„daco»pu».basea»^ 
patient; a means for preprocessing mc ui^ 
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seve^I seco-dary values oompu«d fiomftc ^^V, „f a„ ^ «c«s a. te 

s«.ge and serves to ^"^Z^ ^f„gi^^f^is^<^■ 
„^ and sensmvity of the neural BeW<« tor ^ 

.nenra.ne.w„r.is.r.^b,^^^^;^„^^^^^,„^ 
s«.,e is loio,™, along w«h.heb.on»riterj^"_^^ 

and -Uachinr the wi«. -"^"wn disease 

4e neural network is traned, taon«.to ^.en processes 

^^^areint^iueedtothetralnedneu^^*-^!*^"^^^^^^ 

^ Infom-aUon to produee » '"^J^ ^as the disease or 

network are dUgnostic values whKh indicate wneineru. v 

'^'Z^h'^S«.be'»»'''y — inventorspropose that 

oategoriBngdiseases. ^""^^Xnia, help to classify borderline cases 
data associated with a variety of disorders that inayn p 

ftatdonot appear tofl.intoeitheramalignantorlxn.gn partem, 
•'-^^'^rlonalsoco.npris^an^^^ 
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preprocessed values, scaling the digitized values of the analytes. and introducing the 
preprocessed values to a first trained neural network, and sending the output value 
from the first neural network and a second set of predetermined biomarkers, which 
could include one or more of the biomarkers in the first set of predetermined 
biomarkers. to a second trained neural network, whereby the output values from the 
second neural network are compared to the diagnostic mdex to produce a diagnostic 
value which indicates when the patient has the disease or may develop the disease 

A second embodiment of the present invention involves a two step analysis of 
the biomarkers by neural network. This avoids the bias created by a dominant 
predictive variable when training a network. The dominant biomarker or predictive 
variable is excluded from the first analysis by neural network and is then included in a 
second analysis by neural network. For txmplc, if age is tiiought to be the dominant 
predictive variable in the diagnosis of osteoporosis, tiiat variable is not included m the 
training of tiie first neural network, and the training data set is limited to the other 
selected biomarkers. After obtaining a diagnostic index using tht first set of 
biomarkers, a second neural network is trained using tiie diagnostic index and the 
entire set of input variables, mcluding age, to yield another diagnostic index. The final 
diagnostic index is a composition of an artificial neural network generated mdex and 
results from heuristic analysis using other non-numerical patient information. 

In anotiier embodmient, the present invention provides a system, including tiie 
ProstAsure™ system, comprising an apparatus and mefliod for diagnosing, screemng 
or prognosing prostate cancer in patients. In tins embodiment, data obtained from 
analysis of biomarkers and optionally from demographic information is preprocessed 
(e g. scaled) and input into a tramed neural network. Prostate specific antigen (PSA), 
prostatic acid phosphatase (PAP), and tiiree forms of creatine kinase (BB, MB, and 
MM) are used as Oie biomarkers m tiiis invention. It is to be understood tiiat otiier 
biomarkers and demographic data may be used in tiiis mvention. For example, tiie 
results of a digital rectal examination in which tiie prostate is palpated may optionally 
be combmed witii otiier biomarkers or demographic data. The trained neural network 
provides an output value which indicates whettier tiie patient has prostate cancer. The 
trained neural network is capable of providing highly accurate diagnoses and 
prognoses at early stages in tiie progression of prostate cancer, tiiereby displaymg a 
high degree of sensitivity and specificity. Tbe stage of prostate cancer is determined, 
even at very early stages in tiie disease. In addition, tiiis invention distinguishes 
benign prostatic hyperplasia from prostate cancer, and distinguishes prostate cancer 
from non-cancerous conditions. 
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■r .mhMiment of the ptesMit invention includes a system 
Another '^'''"^^VL^H <I=^8 
comprising a method and apparatus for dragnosmg „^,.based 

^ingcauseofost^-peniaaudos^-P^^a^pdsesL™^ 

the seram level of the foUowing progesterone. The 

ph.pha.ase.anai^nephospha««.«.^.-J*; 

phosphatase or blood, Uver or mtesan ^ ^„,a „eural 

" T;r^r^"-^srLtciLedh,.he.^ 

Thebcnedens.^ ^ 

very tagh degree to bon tomography, dual photon 

^fiographie absorp.ome.ry, bone density coef6cie« 
absorptometry and direct measurement of bone detW 

^..easuredisthen^^^""^ 

Anote embodunent of the » ^ ^ ^,„o* 

It^^ly coosdwe a new diagnosUo biomarker »i* better 
a disease process, and coHecttveCf co ^ ^ biomarlcers are 

aisease predicUbiHty than the '^';^"^'^^„,^„e«,ork.o yield 

a single diagnostic mdex, the sensmvity an t» ^.^ 

^„,i.possiblefbrapM«»»^^^ 

greater precisioi». or estimate a prognosis witn gie 

„r.,era.bio,ogica,f.uids»a.«««»-- 

"'*'^'r:::::r^^^-- -^^^ ^'^^^ - 

techniques, to determine their conce automatically m 

— S:;rrs fr^elmar^crs for osteope^a and also for 
pr„sta«.canceraKprovidedelsewhe,einthiss«=tton. 
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. • a disease by the method of the present 

tavcntion must be preicuve of s^P Tl««tectto« of bi<»na*crs tot offers 
rignificant for analysis by a neoral network. ^ .^^^^^^^ 

Significant ^^^Chavc sbo- -tain relevancy in 
^ steps. First an inventoH- ^ :n general, only the 

^ diagnosis of the ^ ^^^^ disease process or other ^iagnosnc 
Wc^arkers that reflect ^ wotnarkers need to have a 

irf«mation need to be .ncluded. S«<»^ * ^dty. mi positive and 

tenable diagnosUc J,,Ionof e.p.ri.nentalprotoco, 

^gative proactive powers. 1*^^^ Jevataated shotid also be considered, 
ton, which the biomarkers are ■^^^ , ferinnnating power 
T«,if a,en»mberof candida«bton»*^l«B^ ^^^^^^^ 

^ysis ntay be conducted. ^'^"'^'Z^^^'-- ^y^^'^' 
may not be adequate for tagMy nonto^ ^^^^^^^ 

«<^kervaluesandden»graphlc^^;^^^„^,„„. ^ 

^gea of values between ,^ere„. in to 

^ner, to variances due to to d^ p„^singoftoi«putvanables 
^^ntof differentvariaW^^^ ^ is . important step in to 
comprised of biomarlters »^ "^^^^^^aidates are not too large, toy may 
^goftoneural network, "^"^^^g. Bone or several of to 
^ .n ir^luded in to imdal ^ elassifcatio. decision making 

toput biomarkers to touetwork are ^^^^ ^„ed neural 

process, it waibereflectedmton^e^oA^.-^^^ 

neovorks. These values may ton be remo ^ 

"-°r::r::^rm:.becrite^^^^^^^ 

predicdve of a particular disease and i„d„ang prostate 

Itwork. are identified Wow ^o-ve^ ^ 

cancer, osteoporosis o^""^^^ ^^^ for to specific diseases descr««d 

ra:::::^'^-— 

Cw^ionontoscopeoftoprcsentinvenuo. 
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AteyK.««al*«vtad<»s»«d*oveisp«.viWb.lo«: 
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Of the present invenuon. To be sm« 
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digitized, preprocessed a,d ^'V^^"'" ^ ^utecwre for 

panemdassificaion problems istiBfeeaioro ^ ij^iillusoate 

Ltaout layer one or more hidden layers, and an output Uyer. Figs. 1 

TaC^-ofoeurc^lntwod^.— 

neurons or nodes. Inputs are tea lorw ;„^,^hlaver is determined before the 

network rs -"'^ inputs to ^ neural network are 

^arUble. and "-"P;;^ J^,., ean be quantitative or qualiutive. 

p^ctor vanable. Th«ej^ ^ ,i„„Uaneomly ^e 

r,— "r:i..veinputs. --rr^air::: 
'-r:.:rSerrrrrr^--^- 

i,^,vadables. _^^^g„rtes. For example, a 

„«lig„ancy may be ^ .ss is represented by maximd 

silenee ""^ "^^^ "^^^ „,^'Jgnan, nemon. A simple aritbn«ic 

outputof thebenignneuronandsdenceo B» ^ ^ 

taction cotnWnes of the two '^ "'^l^Z^ „t great" than 0.5 would 

alternative, a singl. ou.,»t neuton -J "^'^^^J^ a benign condition. 
i^e«ean»dign««yandanon.pu.olessd«n0.5w„^^^^^^ 

tothiswayadiagnostieindexisdireedyobtamed. Altemauvey, 
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tt^stmedina^anand abends o««»^^^J^__^^,,„^,,.,„ 

Wddc layers and to ™» " ^ ^iagaostic problem. Wi* U,e 

^„«ly match fl-e level of ^„uflve of all possible 

^oikcorfigurattonisapptoprale. ^^^^ „, U« 

„ a,e nemork co.».«es «, *^'°J^^^„„ ^ai-ing algoriOun 
samples in the training set, even '^"'^ 

On the other hand. If the netwomae ^^^^^^^1^ j^^^g 

a«,,aimngse.b«fails.oaccn».elyd^« 
^.networ.struenueisprrW.ly^oJ^'"^^ 

sufficient inherent fle^Wmy » « „^,„ of neurons in the 
power to classify the test data set. ttte. ^^^ple hidden layers, the 

hidden layers should gr«taany 

hidden layers shonldbe gradually ^.^ , „eural netwoA of slightly 

ft is also possible », actaeve ^"^"^ a partially trained 

^ ^y hidden neurons. ^J^J^^ 1, L^g, and stopping at the 
^ network «ith «<»-'^™ ^ a minumum value and starts «> 

„^ when the ctoss-valtdation error rea 

„™ m have a large traimng sample set If the 

ft is usuaUy not always ^'p„,3ih,e ..ses with ^lequate 

in . trahJng set have alr^V does not increase the 

^ significance, the »«.uon o „ ^ decrease the useful 

a„<»rt of ihfonhation i... the tr^g -^P^ ^ 

i,^™, to noise radomthe sample . Attt ^ ^ ^^^^^ ..^ 

«m general, no. be able to "^J^f^^e cases in the training set and does not 
^antnetworkoften simply memonzes all the 

generate at all. connected. Every input neuron is 

Theh,pu.».dou,putl^e«a.^H^^ 

,j„„^ «, every neuron m the followmg 
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„ *a followtag adjacent Wdden layer or output layer, 
co^eced to ever, neurou m *^ ^ „„wple conuedons to a 

aependiugout.^uun^^r-t'"^^^^^^^ 

„eun,n „^ weights plus a Was «™>. 

toprt activ^ions, muluphed by the '^'^^ , f^tioo, typically a 

.igmoidal function, «tuch g.v« ;;7^^„ja„„rigWed inputs. o it are greater 

inputs. ^ .„ith the present invention, first the values of 

to sutmnaty and in -"^^ ^'If disease are determined and 

^biom^l^ers or dentograpUc ,™abtefa aj^^ 

layers) and then to dre output layerof «^ ^ ,^ ^ corresponds to the 
^ input layer is disease. The bion«rkers are 

.»,her of biomar^ers pre^ctrve ^^^°^,„^ input neuron tor each 
^,^a.dbiomarlcervalu«arep»P««^^ , 

Tgnostic variable or biomarto, <^^^^^^ delude demograptoe 
O^r than the ide„tif.edbio»a.ke^d-^ » „^,^ofou.^ 
irfonnation. number of neurons ^^ ^^ J^^^^^^^^dur^^ 
desired. The number of neurons mfteta*l«"»!' 

<r»>°^8. ^ , , *,™osins a specific disease must be trained to 

The neural ^^^'^^^^^n one embodiment, the neurd 
do so. in accord^rce '^^.""3^, -„paga.ion refers to *e technique of 
.etv,orl.istrainedbyb.ckpropagat.».B«kp pg 

^aneuralnetwor.cto.ccurate^»^^«^J^^^,,^,,^™ind^ 
dc,ermining.beb.stconneenon«.^^t^«^^ ^^^^ 

i„venUonmayinclude«.y otl^rnon-hne^^o „ 
genetic search algorithm; however, the feed for* 

OKB, popular. . .„.,..„evMlnetv.ork, the connection weights m 

A, th. initial stages of tranung the ne^ ^ 
^.etwor^arerandomlzed. ^^^^^X^oU^ai.^^ 
^atatime. ;»»-rrXc^rfor a gr»P of patients, and the 
biomarter values or demogtapmc 
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h:._3,ker values, and, optionally, domographic 
(or each of Uiose pauenu. The b.o,narker ^ 

values, digia^d 

variables used to train the network. « F ,„ u„ actual 

values to estimate a "-^-'^^^^ ^ ^^^o^ and 

U.„s». If the network-s diagnosis -s "^^Zv^>^P«-^«'^ 
tt^ldswithinthenetworkarenotchan^J^^ 

^^inhoth.hehld.n^.-^^'^;;^^^.^,^,^. 

of teolassificaUon error. '^'^ ^"Tj^ ^ con«tt, dassiSed or some 
^,p,c««isuntaaUpauen.m*e-m^ 

peset stopping criteria are saostfied (e.g. 

When tr^ning the neu«l network. ^,^„sis. The 

^gardlng the deflniaon o, a — » ^'^^g, cose the estimated 
^vant parameter is the error '°'="»«-J™™ ^,e. if two ou.p« neurons 
„^tastoi».otheac»aloutputtob.»n«t. For 

^ used and the training tolerance .s f " ' ^55%„f ^.ximumandthe 
consideredcorrectifthemalignantou^n"^^^^ 

benign neuron fires at 5* of m.«m»m. Smul«^^. ^ ^ 

-^--"TZTZT:^^^'- for determining a 

^oTL ate weUkn„wn«.«»se^^^ ^^^^ 
1, apreferredembodimen.0 thtsm^™^. - S ^^^^ 

diagnosis is setat an outputotO.9. '^ /^^i^g^^in determining tta 
B^r tolerance is an adjusuAle parameter s-g"^ 

After the neural netwo* .s^m^ «» ^ 
..doptionauy demographie valu^fi^^" ,^ ^.d neural 

possibly no disease are "^^f ^^^^ ^ to produce a value 

network. Tb."»»'»»'''**^'^:,l.ceotd.epartio„lardisease. In 

cotresponding to a diagnosB of the u^ed by usmg either one single 

^rfancewiththep,esentmven.K,n.tetsa^ P 

ou^neuron or multiple output neuroml^mo^ft^^^^^^^^^ 

Jo^pmfromtbeneuronsarecombmedto ^^^^^^^ 

'Asin««ratedbyKg.4,inasec„nder».o ^ 
diagnostic v.lue<*t,h«dby analysis of theb.omarke.sbya 
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. . « „f heuristic rules in combtaaUon with addiUcal patiem 
ftrtter analysed by a set of " fttags such as tanily mefical 

system of the present invention mthzcs ""f/"^"^" 
4™„Uonthatc.o,.y— y^-^^^^^^ „,,,^,ers 

as described in Figure 20: ^ ^ „f 

input Data Preprocessmg ^ ^^"^^ ^ „^ons. The 
individualsubjectsgothrough se<,u»c«of«^^ 

^ of this pra=edure rs '""^^^^^^^^^^^^oi^ n.^.'^'^^ 
useMinfonuaaoninthernostexptatformwM^to^^ ^ 

W dat. in addiUon. secondary nj^v»^ ^U^. ^ oa. also 
original inpuu. ^ '-^'^^^^''^Z^Z^r,^- 

.je— ih.u.a.^;^^^c::rs:: 

establish mechanisUc (rcahstrc) "f'^"' „„,ecular biological. 

S:tSra^<ivari*.css«chas,»tnotBn^.«.u.«»fono™.g: 

Becttical Diagnostic Methods 
EEG 
EKG 
EMG 

Tomograpte 

Nerve Conduction Tests 

Imaging Diagnostic Metiiods 
X-ray 

NMR 

CTScan 

PET Scan 

Ruorography 

Mammography 

Sonography 

Infrared 

Echocardiograms 
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Various Biological Rmds 



Blood 
Urine 
Saliva 



Gastrointestinal fluids 
Reproductive fluids 
Cerebrospinal fluid 

PCR 

Gene Markers 

10 Radioimmunoassay, bLi&A 

Chromatography 
Receptor assays 



Histologic Diagnostic Methods 
Tissue analysis 
Cytology 
Tissue typing 
Inununocytochemistry 
Histopathological Analysis 

Electron Microscopy 
/nsim hybridization 

Pharmacokinetic Diagnostic Mefto^ 
^^Tlierapeutic Dmg Momtonng 
n -f«^ ohanwrterization ana i 



Miscellaneous Factors 
Physical exam 



Behavioral patterns 
Behavioral testing 

ladialioii, toxins, etc) 
Giossinthology 

A ™™,. data with the individual patient under 
such n»dels a« based on '"P"' ^^^^ ^ ^.^,1^, patient 

eonsideradon.or intoHnaaonofad^^^" ^^^^^„^„^^ 
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cases, luc classification problem and most 

description herein, may suggest themselves to those skiUed m m 

V, 1 ci,.ii 7 sdeise 1 5 (Ward Systems Group, Inc.) neural 
analysis of the da.a.aNe«alSh=n 2, ^h^J^SCW^ ^ ^ ^ 

netwo* development p,.gr«n wa» use* to "^"^l^i.,, computer 
Penttnm60.iih2C<>m!«iter(Magilromc.Inc). In other Buunpies,. 

hardware is used. 

"^rZ of 52 samples ««. divided into 2 groups, a training set and a 
total Of 52 s p ^^1^^ ,2 

r;SrJr:^^^S conta^ed . samp. . su.e and 3 

oftl^classiflc^tontask. Atn^b^rt^o 

initia. -biteeturc — 1. ^ ,,^„„. „e,e perfonned 
number of neurons m each hidden layer, ocvc 
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• «n adeauate configuration that showed good results on both the uainmg 
deternune an adequate conixgura Th^„T^centnetwo± had one hidden 

sample set and the generalization test sample set The present netwoilc 
layer having nine neurons, and two output neurons. 

Initially, connection weights among the neurons were randomly set. T^e 

, ! work had five input neurons, corresponding to five mput vanables 
neural network had mp cEA, and testosterone, mtrammg 

.^..cantforpros^^ 

i::::Cedit^^^ ^--r: 

r !:"r:ten presented as an input vector to the input neurons of the 

foUowingmathematicalequationtoyieldasingle diagnostic mdex: 

Index ==tANN^ANNn + 0-5 
2 

• network oarticipated in the output calculation by passing the smn of 
Eachneuionmthenetworkparuc^,ate P ^ ^^^.^^^ 

desired targex ouipu v «f nm<TTe«isine The difference was used to 

„„,p. of 0.9 cor^s^odea .0 a ^ga«^^ 

calcolate an eno. «m. to guide ^^^^^^^'^.^^u, reduced 
disease was progressing. 
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ITvafifiple 2 . 

Figure 25 which is attached hereto. The trammg oaw 



PCTAJS96/12177 

WO 97/05553 



15 



20 



25 



30 



35 



30 



Z Z. PSA, pXck.bb. CK-MB. CK-MM. r^CK.^^ 

(„p«ssedasap««n,age)f*ca»:erdc«tion,nU»»«da<aa«d»™mg^ 

Test Training 

Prostate Cancer (PQ 

85 3 

Stage 2 PC ' 
10 Stages 12,13 andTOxMlCPQ ^J'" 

For detecting BPH as BPH 66.1 

^ _ Q7 8% 91.8 

Non-Cancer as Non-Cancer 



Presumed Normal as Normal 



67.6 69.2 



Sfi^Jfte PToLure™ sys»m u, diagnose prost«e c»c«, U. d.s«n^ 
tdUeas.. ana u, ^cogoi. benign posUie hype,lasia and nonnals as 

such. 

™, ^ iUus^te. 4e consttu«ion and fining of a "'"^ 
ai.gnoaisofos.eopo.sis.T^«ai.ing^^^^^ 

x:^.rr^:=:zi... l ^g a 
•-°i::r::rd::rr::=d » .e ^ 

L hiomarkers selected included age, calcium, phosphate, estradiol 

SZhai^ra^d % Uver aikaiine phosphause. Fig. 8 *m.«r inclodes U« d»gno.»c 
index Obtained by the neural network. ^ the data in Fie 9 

Fig. 9 provides the data use to test the network tramed with the data m Fig. 9, 
and the neural network diagnostic index obtained. 
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, f,h,nreKntii>va«ion,the«ventyofdis«iseinaset 
toptacdcingoneaspecof tepiesen un ^ 

„f tu^n, or amn,a>s wiU, varying '^T^^^;,, . „.„ericai v..« 

^^.oaor— . - ir^.orin»sor...i^ 
.eroding to a seventy scale. Tt»»« 6 ^^^,„„^oal 

^. For e«mple.one could ass,g,. '"'"'**'^,^.««loev,hich 
disease, another value wbichcorrespondstomoderated^easean 

oorresponds to severe disease. ,^ constituents in the set of 

The concentration ofapredet^nnn^of^^^^^ ^^^^ 

fl„prese„tinvenaon,.t.sprefe,*le».« ^ ^te 

of humans or animals m which the seventy 
conventional method or methods. 

Osuivema .^iwiiment of the present invention is a method 

Anexampleofpracttcrngt^e™*^ ^ ^ ^ 

for diagnosing osteopema m a patient phosphatase, an 

c^stiu^tts. Tb-consd«»»--"=^"^; tTprogesterone. ^ ^ 
alkaline phosphatase i~ L^^^m invention include 

phosphatase isoen^s P«ff J, hone, Uver or intestind 

l^hocyte^v^l .Btaline ^^^^^^^ .hone 
.B^ephosphataseiso«.iymes. ^'«^^°"\^,^«hy entering the vataes 

for the tests into an Quius aiguuu ^ 

«eigW and hei^ >»«> " .^etfte padent, an indicafion of the 

^.^Mltiontodlagnosingtheosteopem^^ ^ 

^.causeoftheos^opemac.^^^^ 

exaim-le, by po"""-? P««»' ^.„„,K«»»sal tack of estrogen or is 
„he,her.heosteopeniainapa,ientisca.edJ^P<>^^^^^ 
c.^ hy some other condition, such ^a^^ms^^ 

^het^tterabletoprescrihethe^^P--^ 

Fi« of the seram tests that are used m m p derived 

commonly perf onned hy ^^^^^ZT^ L hlood, Uver and 
.Mine phosphatase is expenmental only, ^he type of test used to 

^ ph^phatase isoenzym^ ^ ,^ , 

detennine the six semm constimenu .s not cnucal to the p 
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. tcheine measured. The 

resiJlts are shown mfig«^ 
^tdiagaosisofosteopema. 

EsameM „^_Uorthecot«tructionand 
^ stage of ^ to WO""*^ 

a dassmcauo. ^^J^wgher is used >n *e 

!*sc<areusedonea.a»»^ Biomedical «P««'^J^^, *e same 

Logical associaUon and ag.««»"' 

SudsUcalanalyses" »-;^.^^.pai^^ 
" ida>tifys»chs«»>(*''*' 
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d. Preprocessing The preprocessing step includes preparation of input 
values, "preprocessed values" to be used as actual inputs to neural network based 
classifiers. This step includes linear or non-linear transformation (e.g. re-scaling) of 
original input biomarker or demographic values which may be digitized values and/or 
5 the creation of secondary inputs using linear or non-linear combination of original 

input values. Software and procedures used in this step are similar to that in step b, 
"Testing for discriminating power", described above. In step b, the goal is to 
determine whether or not a particular biomarker or other measurement provides any 
useful information. In this step d, however, the purpose is to find a set of inputs to 

10 the neural network based classifier that in addition to having sufficient discriminating 

information, should also provide such information in a way that alleviates the burden 
of neural network training. In this step, statistical, mathematical, and computational 
tools are used to help "pre-digest" the information. For example, two inputs combined 
in a non-linear formula provides more explicit information for classification. Add an 

15 input that is the computed value using this formula makes the training easier. Expert 

knowledge in both biomedical and clinical science fields (e.g. whether certain types of 
transformation or combination is biologically "plausible") and experience in pattern 
classification are used. For example, by viewing samples in the input variable space, 
one may be able to estimate the complexity in sample distribution and use this 

20 information to adjust the neural network structure. Due to the nature of nonlinear 

operation and the often large number of inputs used in combination, direct numerical 
evaluation of the effectiveness of the newly created secondary inputs may be very 
difficult. Scientific data visualization is extensively used to provide guidance in the 
construction and the evaluation of secondary inputs. For example, color coding and 

25 coordination system transformation allows the viewing of data in higher than 3- 

dimensional space. This helps to understand the distribution of samples in the input 
variable space and the construction of preprocessing steps. 

This preprocessing step is very important. Previous workers in this area 
assumed that the non-linear nature of the neural network would be able to fiilly utilize 

30 information in the training data in the form of the original input values, (see Astion, 

M. L. and Wilding, P., "Application of Neural Networks to the Interpretation of 
Laboratory Data in Cancer Diagnosis", Clinical Chemistry 38: 34-38 (1992) in which 
there is no mention of preprocessing). However, this step of "untangling" of 
multi-threaded and inter-related information to facilitate the training of the neural 

35 network plays a vital role in the success of developing neural netwoik based diagnostic 

systems. 
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«4 da« from *= dau sc. tf>at hav. «H b«« U,a. uses 

^ural networks as its dasstotron decmoa •^«1J „f „„ribution 
.o,ainearnat„re.„e„ra.„e.ork.^^-^^^^ 

often not possible. The toUowmg s p 

. arength iniUated from each mput, « J ,3,^5. 3) „„„ 

ehange in nenral nenvork output 'T^^' ^^„^ „ constnac. 

.™„nlete analytical meU«)dssudi as using Monle Carlo samplmg tn 

eon^teBanalyw _,^j„^pte„p„B. 
asensiuvity Train«i N«««.' C'""^"' 

J TrMnint, of Neural Network Based Oass^for 
Procedure for Omstnumm axd Trmnmg of Neu 

CanvuurM^Vu.g^-'^^'^ used in the construction and training 
The fbUowing Ust describes the steps usea m m 

process » ^^^f^''^, „ic groups e.^ 2, go ,0 next s.^_ 
V H,Iltalfactsaboutthediseaseprocess.org.nize.hes.p.ra.K»iof 
^;r^;ct:^caao„decision.ree.Por.achpairof^^.hat,e^. 

Crsi«cau7n.es,no,^i,ive/..^--^-;^^^ 
2 Develop neural networks m the first levei. ^ 



1,M) 
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a. 
b. 



Selectanappropriatedatasetfortrainingandtesting. 
^l^totallLrofrecordedneuralnetworl. 

''7'- Configureanew neural network and selectasub^ 

d. irammuiup p.,^ each trained neural network, if 

the results overlap significanUy wim V ia each group 

»Uh different nerworU "^^^^^'Jj^ ^ ^ inferior 
heing olassified correc.., or u observed in 

'^'"':'^°;?r!^sonable «>.o^ cor^g-ti- '^'^ 
h.,eheene*a»s«d.go.one«s,ep.«h^^»^- ^^^^^^^ 

with poor or duplicated performance. If two ne 
deletethe one with ««convlii=a'«d«~'>*«™!;^- 

^^r«:r:::r.r^-«Uneuralnetwor.(^. 
.J^ZZ Aus.n»..hecH,in,lUs.ofl.p«.s»ith„.«P»tva>„esfron. 

^-^--.^TZ:^T:^^^ -^ networ. into a 
6. ConAineoutputfromoneorova^^ 

...eclass^caaonlnd^nsinsBn^-t^^ ^^J^ 

in separating the two dragnosuc i^ups . „f ji^Uc group. 

the different diagnostic groups. 



^rDteiP.<»i»'^'*«^ „^aes the capabiUty to receive 

patient data, analyze the data witn a uau 
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to foUowtog descnpuoa Ttas sys^mpr g ^ 

sysu=m penmB <hc «p.d analysis of -.«mc»»s s«s p 

a«t Kg»« 15 reP'^^"^ > P«f"f=" ^ configurations 

mvolvmgasmgi r „,„„rti,eas. including prostate cancer, 
ftis invenUonfordie diagnosis of any teeascuelufflgP 

The data files contain data from pattent <«« ^ 

„Uon of d,c diagnostic index for ^^^'^"^^ 

aeUnuted with carriage ren^-, ^"'JfJ^^^ ^ („Uowing seven 
dehnnted with an ASCn character . .and.^^«^ 

«elds.. 1) identification 2:^^;"^-Z^:^^-'-^- 

,) CKMM - nmnerrc. ^'^^ -o- toough 'S'. and the 
consisting of letters ^^'"_,;;j^^rltainsrstHng re^>on of a 
"„.^r:u,n:,contain.singledeoh»lpoint^^Thespacech,r,«^ and 

=-'>''»»'r'°Tb^tBletobereturnedtoLabCo,...he input 
^ria^separatedbyconun^lnfl^^ 

v^nes arerepeated -^r^^^;s TherapeuUcs. R«hester. NV, value, 
commas: the computed ProstAsure (nvj 

and an mteger valued enor code. p,„tAsure™ value, a patient record is 

PHor to the ^-^^^^^J^^uon oriteri! in the order as 
ehec^ for e.««s accordn,g to *e '^J^ ^ ^ ^ ,30 

U^y^Bstedassho^n.^^-J^' is conipnted for the patient. The 
error check slops. No PlostAsure ,3^ 

■-«-"-™^'^rX««cr.areheencheckedandno 
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test. 

Frmr code 100- The first field (ID field) IS empty. 
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^nedinU-e^-filercc^rd. T.e«orco*0 or .30 is ««hed accordingly a. a» 

last field. 

Error codes are defined as follows: 
. Tn 0 THe record contains fewer than 7 comma separated fields. An 
Error code 1 10 - The recora ^ j-^^ld will not trigger this 

empty field foUowed by a comma is still considered as new 

test. 
Erro 

10 Error code 130- Oneoime / laboratory test results have 

of the normal patient reference range; or three (3) or more 

zero values; or age =0 or age >150. 

The ProstAsureTM system consists of two computer workstations and 
The ProsiAsurc y following paragraphs 

associated communication devices and hnks (Fig. i^J- 

p^videanoverviewofthesystem.^^^^^^^^^^^ ^^^^^^^^ I, 

ProstAsuie™ Station I (14) is pnmanly a comnmi , „ 

.^or»..a.^a.^o.c^-^.s^^^^ 
^aBle0»nclinoand»,«o«is«.efto«A^«e ^ ^ 

conesponding senal ports. Sunon 1 (W)^ 

rrrrorj^"-^-^^^ 

station I controls the tmungo ^ ^„ error conditions. Station 

rcS^rir^^^esLinco^saa.-^^^ 

.^rr^Uo.a.)a.a.o.es.e.ai....eo.«^^^^^ 
a5),«civ«da»mesfto,„SudonI(.4,^s«^^^^)-^^ 

are detected (12 ana luj, ui^ ^ if thp data values are 

aaearf to be om-sual but vabd, the ProstAsore J 
^.coao^iiiiodi^^rX^^^^toCWardS^ 
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ProstAsurc™ sys.en> »s« Kcnnit soft««. (Col^bia U» for 
The ProstASU , , n and betweB. Station I and remote 

^mmunicattons bet»^n .»o ^ 

zr::Ct™"-™de,Mic»^^ 

^^TcoI.en.,«end.,«setinte*ce. P.ostAs«e™ software ts deigned to 
execute in Ml sciten mode to simpli^ the operations. 

System Dwrii>tiim 

A schemafie overview of fl» t^stem is provided in Ftgnre 15 

Microsoft Windows for Work group (WFW) 3.11. 

Workgroup (WFW) 3.11. 

■n^systemrequiresalaserprinterthathasMicrosoftWintowssuppo^^ 

between Station I and H via serial ports. 
Actuaay Installed System 

Anexampleofanactuallyinstalledsystemrsasfonows. 

Stationliscomposedof: NEC Ready Pentium Sy^r-™ 
(Pentium 100 MHz CPU, 16Mb RAM. l-OGbHardDnve) 

NEC Multisync XVIT^ Monitor; 

preloaded with MS Windows for Workgroup 3.11. 
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Sottonn is composed of: NEC Ready Pentium Systems 
(Pentium 100 MHz CPU, 16 Mb RAM, 1.0 Gb Hard Dn«) 

r - " Moui.0. p^oad.- - MS Windows f. Wo*^ 
3.11. 

Printer. HP LaserJet HI 

References: Operations Procedure; 

Ready Pentium Systems User's Guide; 

NEC Ready Pentium Systems Hardware Ref VOperations Gmde; 

NEC Multisync XV17™ User's Guide. 

,n r. HP3000 UNIX based workstaaon) located at tbe 
back to the host computer (1) ^"^^^J^^ Triangle Park. 

I^nuor, C0.p««i™ of Amenca O-^Co, -^^^ J ^ data 

North Orolhu. ^"'""^^'f "toLTsure™ processing workstation 

::ron^rrL=i::- ^^^^^^^^ oUtio.. pro^aed ^ 

c T 1 These are also the functions tested during system vahdation. 
-"-tr.'^g.mo.co.ectiou.a^m^^^ 

r — rreCri:::%:-:.e,orpr«ess.g. 

KermitASCnffletra-fcrP^toc^^ „^ «, 

.J-lca^r^ro— re^nt^ouautomaticauy^^^^ 
rr^rvrXac— sse^enceonOfai.edsucha«emp.s.S,s^ 

™orcode#200 and starts the •■emergentwamiug procedure . 
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1.3. Upon completion of data file down loading. System I MtiMes 
, Wis .0 send data after 10 repea.«l a^empts, it .ssnes error code #230 and starts 
™::rp— -eiveddata,ooo,^tesProstAsu,e™i.^...^ 

^^^^^ 

onginaUy receivea i„„„fcai and error code #300 or #310 (nuinber of 

™nt warning p— '-^^^J^ ^ in^. valnes) ar. 

records do not match) or #320 (at leasi one iw.v r«m hnct 

TLyed. When 300 series errors happen, no results are sent to U« UbCorp ho« 

computer. (Similar to 1-1. except for performing me unloadrng mstead of file 
"'' similar to 1-2. if the connecUon attempt f^ls. ^-^^ ^^ 

<!^n niesefimctionsarelesleddiiringsystemvahdation. 
Stauon^^m.^^^^^^^^^^^^^^^^^^^ 

'^'^'^^Itse^u^.tiallyproc.ssespaUent records hrtl^daume^ 
•^^^S-^rXnlstationUinltiatescon^ctlon^SJa^n 

■rr^irira^rio^^ 

occurred. 
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computed values, aad « , „,^^^p„VparesultV »ia. to n^nes 

didale, lih:h<«irs, iin;minutes. and yy:year. 

— t^LbiltosBs^daboveuud^to 
diag™>se ovarian cancer. ^^■""J^ m-CSF, OVXl. LASA. CAA7-24 
heading of Ovarian Cancer n and n«tad.s CA ^ 
andCAlM. When»stedwithanindependentd.osetotl86s« J 

^ves a sensiUvity of 89% and 'J'^'^^. .„ preferred 

set forth in the appended clainis. 
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Claims 

process fo, diagnosing or prognosing a disease in . paUen. 
"Evening— onsofpaaen.bion^.^"-'^ 

^^,:::Ls.g.di.^-:^^"^^^.^ 

inputting the pieprocessed values to a compu 

--...g.ep.^«^^j^:— :r^^^^ 

leceiver connected to a display means. 
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30 



2 The process of Qaim 1. further con.prising: 
convertingpatientden.ographicdatato<.gi^v^- 

::rrr:^--es.tothetra.edneu^ 



introducing 
3 



3. 1^P--»'°fi-^^:,.„e™o*andasecondse. 
i„„„dactaga.eortp«vd»eftomthetr^edn ^ ^ ^ 

of ^ro^ values ten. p.fie«« X^lT^cond gained n«»al 

.^ooessed vaines tec P^'^*^*" '..^ .^o* is .ained .0 
„emork in a oon,p«ttr. «herem „„^„, second 

aiaguosc or prognose U» a.e absence or U» seven., of *e 

Mtput value corresponding to the presence 

"^••:l*.g.hesecondo».pu.va.«eten..hesec«nd«ained«enr. 
^.^v.lue^ceiv^conne^'o-'iisplay means. 
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.„f Claim 1 «h«i»tedis«« is sdcctedtomthe group 
prostate cancer, and testicular cancer. 
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6. A process for training a computer-based neural network to be used in 
diagnosing or prognosing disease in a patient comprising: 

JdoxLingconnectionweightsinthecomputer-basedneuralnenvork; 

obtaining concentrations of patient biomarkers associated with a disease ftom a 

group of patients with the disease; 

convertmg the concentrations of thebiomarkers to digitized values; 

preprocessingthedigitizedvaluestomakepreprocessedvalues; 

ttaLg the networkbyseriaUy introducing the preprocessed values f«>m«^^ 

patient as input variables through inputs to the neural network; 

' obtaIninganoutputvaluefromtheneuralnetwork.whei.mtheoutputvalue 

indicatesaneuralnetworkdiagnosisandcorrespondstothepresence^ 

the severity of the disease; 

commrtagteou^tvalueoftheneundnetv^AtoanaaualdBgnos^ 

adjusting th. oomection weights if the .»«r.l network di.g««.s does not 

rniresDond to the actual diagnosis; 

^.»duci«g.hep«i™c.ss«lv3luesfton.apaden.withi..heg.»»pofp«.en.s 

as input variables through inputs to the neural netwodq 

rttainingansecondoutputvataeftomtheneuraloetwoik, 
con^««seoand<».!»nv.h«oftbenenralnetwork,otie«^*agaos, 

and adjust^g *e oonnectton weights if the neural network diagnosts does no. 
correspond to the actoal diagnosis; . f,„„ nthf-r 

repeating the previous steps for introdudng preproeessed vataes from other 
paUents !^ttnn the group to the neural network, obtataing a new output valu«. 
CITL „.„ .^t values to the aemal diagno* and optionally adjustntg the 

connection weights; and 

optionally establishing decision limits regarding a classification error. 

7 An apparatus comprising: 

a computer containing a .rain«l neural network, wherein the tramed neural 



network is tramed to diagnose or prognose a disease. 
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8 The apparatus ofOain. 7, further eomprising: 

tor conmnimcMing (he output value. 

9 Theapparal«sofClaiin7,furtherconiprisillg: 
„eansforconver.inEpa.ientde,™graphicda.atodigiti«dvalues; 

.ere:rr=t^p™r^^^^ 

corresponding to the presence or the absence or the seventy 
means for communicating the output value. 

oo^diugto«.ep.««ceor.he-««.or.hcs.«ntyof.heteease. 

,1 •n.eapparat.^ofa.iim.wbe.etafl"*^^'^^^"''^" 
g„„p IL^ of "tet^rosis, os,e„P«i. .«.st cancer, ovanau caucer. co.™. 
cancer, prostate cancer, and testicular cancer. 
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